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SEMICONDUCTOR DEVICE AND PACKAGE
WITH BIT CELLS AND POWER SUPPLY
ELECTRODES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and claims priority under 35
U.S.C. §119 from Japanese Patent Application No. 2008-
297813 filed on Nov. 21, 2008, the disclosure of which 1s

incorporated by reference herein.

RELATED ART

1. Field of the Disclosure

The present disclosure relates to a semiconductor device
equipped with electrodes for supply of power from outside
provided at a central portion of the semiconductor device, and
a semiconductor package of the same.

2. Description of the Related Art

In a semiconductor package, generally various types of
power for driving a semiconductor device mounted above a
substrate, are supplied from external input terminals provided
on the semiconductor package to electrodes (power source
pads) provided on the semiconductor device.

From the standpoint of making power supply more robust,
clectrodes have recently started to be provided at a central
portion of a semiconductor device.

For example, a semiconductor package 1s described in
Japanese Patent Application Laid-Open (JP-A) No. 2006-
0801677 1n which semiconductor device surface bumps pro-
vided at a central portion of a semiconductor device are
connected to a wiring pattern formed on a substrate, by use of
connection lines provided on the substrate and joined to a
power source or ground.

However, when, as in the technology described i1n JP-A No.
2006-080167, the power electrodes are simply provided at a
central portion of a semiconductor device, a region for pro-
viding the power electrodes needs to be provided at a central
portion ol a separate semiconductor device. However, the
central portion of a semiconductor device 1s generally a
region mounted with bit cells, and, since various elements and
wiring 1s densely packed, major redesign 1s required in order
to provide a new region for power electrodes.

However, 1f power electrodes are provided above an ele-
ment mounted 1n the central portion of the semiconductor
device, 1n order to consider the affect on elements below the
power electrodes, reliability tests to match the particular ele-
ment structure, such as checking multiple design rules and the
like, are required, resulting 1n the need for many processes.

INTRODUCTION TO THE INVENTION

The present disclosure 1s one that addresses the above
1ssues, and an objective thereot 1s to provide a semiconductor
device provided with power electrodes at a central portion of
the semiconductor device, with which reliability tests of the
semiconductor device can be easily performed, and a semi-
conductor package of the same.

In order to achieve the above objective, a first aspect of the
present disclosure provides a semiconductor device includ-
ng:

a plurality of bit cells each including the same circuit;

a plurality of electrodes supplied with power from outside,
wherein each of the respective plurality of electrodes 1s
mounted above the same circuit within the plurality of
bit cells.
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At each of the plural electrodes supplied with power from
outside, since the circuits below the electrodes are the same as

cach other, reliability tests, such as checking design rules and
the like, can be easily performed when considering the effect
ol the electrodes on the circuits below.

The bit cells may 1nclude a driving circuit for driving a
display device.

Each of the respective plurality of electrodes may be
mounted above a different plural number of the bit cells.

Each of the respective plurality of electrodes 1s mounted so
as to straddle above at least two of the bit cells.

The polanty of the bit cells mounted with the plurality of
clectrodes may be the same polarity.

The plurality of bit cells may be arranged such that bit cells
of positive polarity and bit cells of negative polanty alternate
with each other.

The plurality of bit cells may be formed 1n a specific
repeated pattern of bit cells ol positive polarity and bit cells of
negative polarity, and one of the respective plurality of elec-
trodes 1s mounted to each of the specific pattern.

The plurality of electrodes may include electrodes that
supply different types of power from outside.

The semiconductor device of the first aspect of the present
disclosure may further include a plurality of external power
input electrodes provided at an outer edge portion of the
semiconductor device, wherein the sequence in the direction
of the outer edge portion 1n which the plurality of electrodes
supplied with one of different types of power are arranged, 1s
the opposite sequence to that in which the plurality of external
power mput electrodes are arranged along the outer edge
portion.

A second aspect of the present disclosure provides a semi-
conductor package including:

the semiconductor device of the first aspect of the present

disclosure:

a substrate mounted with the semiconductor device;

an external input terminal formed on the substrate;

an external output terminal formed on the substrate;

an 1nput wiring pattern connecting the semiconductor

device mounted above the substrate and the external
input terminal;

an output wiring pattern connecting the semiconductor

device mounted above the substrate and the external
output terminal; and

a plurality of power supply lines, arranged without contact

with each other on the same face of the substrate, and
connecting the plurality of electrodes mounted to the
semiconductor device to the corresponding electrode
from the plurality of external power input electrodes.

Here, the substrate may be a film substrate.

According to the aspects of the present disclosure, an effect
1s obtained 1n that reliability tests, such as checking design
rules and the like, can be easily performed for a semiconduc-
tor device provided with power electrodes at a central portion
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present disclosure will be
described 1n detail based on the following figures, wherein:

FIG. 1 15 a plan view showing an example of a schematic
configuration of a semiconductor package according to a first
exemplary embodiment of the present disclosure;

FIG. 2 1s plan view showing a specific example of a portion
relating to power supply 1n a configuration of a semiconduc-
tor device according to the first exemplary embodiment of the
present disclosure;
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FIG. 3 1s a plan view showing a specific example of a layout
of various internal power electrodes 1n a region A of a semi-
conductor device according to the first exemplary embodi-
ment of the present disclosure;

FI1G. 4 1s a plan view showing a specific example of a layout
of various internal power electrodes 1n a region C of a semi-
conductor device according to the first exemplary embodi-
ment of the present disclosure;

FI1G. 5 1s a plan view showing a specific example of a layout
of various internal power electrodes 1n a region B of a semi-
conductor device according to the first exemplary embodi-
ment of the present disclosure;

FIG. 6 1s a functional block diagram showing an example
of a schematic configuration of a bit cell of the first exemplary
embodiment of the present disclosure;

FIG. 7 1s a diagram showing a specific example of an
internal power electrode of the first exemplary embodiment
ol the present disclosure mounted above a bit cell;

FIG. 8 1s a diagram showing a specific example of mount-
ing an internal power electrode of the first exemplary embodi-
ment of the present disclosure straddling plural bit cells;

FIG. 9 1s a plan view showing a specific example of a
portion relating to power supply of a configuration of a semi-
conductor device mounted with positive-use (H-use) and
negative-use (L-use) bit cells according to a second exem-
plary embodiment of the present disclosure; and

FI1G. 10 1s a plan view showing another specific example of
a portion relating to power supply of a configuration of a
semiconductor device mounted with positive-use (H-use) and
negative-use (L-use) bit cells according to the second exem-
plary embodiment of the present disclosure.

DETAILED DESCRIPTION

The exemplary embodiments of the present disclosure are
described and illustrated below to encompass a semiconduc-
tor device equipped with electrodes for supply of power from
outside provided at a central portion of the semiconductor
device, and a semiconductor package of the same. Of course,
it will be apparent to those of ordinary skill 1n the art that the
preferred embodiments discussed below are exemplary in
nature and may be reconfigured without departing from the
scope and spirit of the present disclosure. However, for clarity
and precision, the exemplary embodiments as discussed
below may include optional steps, methods, and features that
one of ordinary skill should recognize as not being a requisite
to fall within the scope of the present disclosure.

First Exemplary Embodiment

Detailed explanation will now be given of an exemplary
embodiment of the present exemplary embodiment, with ret-
erence to the drawings.

Detailed explanation will first be given regarding a semi-
conductor package of the present exemplary embodiment.
FIG. 1 1s a plan view showing an example of a schematic
configuration of a semiconductor package according to the
present exemplary embodiment. Note that the semiconductor
package 10 of the present exemplary embodiment 1s manu-
factured by a COF (Chip On Film) method, as a driver for a
display device.

The semiconductor package 10 includes a semiconductor
device 12 (described in detail below) configured as an IC
(Integrated Circuit) chip, and an insulating {ilm 14 configured
by a film and functioning as a substrate. The semiconductor
device 12 1s mounted face down on the insulating film 14,
such that the face on the side of the semiconductor device 12
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formed with the bit cells, wiring and the like (described 1n
detail below), faces towards the insulating film 14.

On the msulating film 14 there 1s a mounting region, to
which the semiconductor device 12 1s mounted, and non-
mounting region defined at a portion outside the edge of the
mounting region. Note that, in the present exemplary embodi-
ment, since the semiconductor device 12 1s rectangular
shaped, the mounting region is also a region defined 1n a
rectangular shape similar to the semiconductor device 12.

External input terminals 16 and external output terminals
18 are formed on the non-mounting region of the isulating
film 14. The external input terminals 16 are input-side outer
leads, to which signals for controlling driving of the semicon-
ductor device 12, from a control IC such as a timing controller
or the like, and power are input. The external output terminals
18 are output-side outer leads that output signals to outside of
the package.

An mput wiring pattern 20 for inputting signals, power and
the like to the semiconductor device 12 from the external
input terminals 16, and an output wiring pattern 22 for out-
putting output signals and the like to the external output
terminals 18 from the semiconductor device 12, are formed
on the insulating film 14. The semiconductor device 12 1s
clectrically connected, via metal bumps (electrodes) provided
to the semiconductor device 12, to the input wiring pattern 20
and the output wiring pattern 22 by connection nodes (not
shown 1n the drawings) provided on the mounting region of
the insulating film 14.

In addition, power supply lines are formed in the mounting,
region to the semiconductor device 12, for supplying power to
the metal bumps (power electrodes) mounted to the semicon-
ductor device 12 (FIG. 2, explained 1n detail below).

In the semiconductor package 10 of the present exemplary
embodiment, signals input from the external input terminals
16 are mput to the semiconductor device 12 by the input
wiring pattern 20. The mput signals are subjected to specific
processing by the semiconductor device 12, an output signal
1s generated and output. The output signal that has been
output 1s output, using the output wiring pattern 22, externally
to the package from the external output terminals 18. Various
types of power (described in detail below) that have been
input from the external input terminals 16 are input (supplied)
to the semiconductor device 12 by the input wiring pattern 20,
and the semiconductor device 12 1s driven by the various
types of power that has been 1nput (supplied).

Explanation will now be given regarding the semiconduc-
tor device 12 of the present exemplary embodiment. FIG. 2 1s
a plan view showing an example of a schematic configuration
of a semiconductor device 12 according to the present exem-
plary embodiment. Note that a portion of the configuration
relating to power supply 1s shown 1n FIG. 2, and other por-
tions of the configuration are omaitted.

The semiconductor device 12 of the present exemplary
embodiment 1s configured so as to have elements and wiring
arranged left-right symmetrically about the line A-A' shown
in FIG. 2. Explanation will now be given of details of the
region corresponding to the right hand side 1n FIG. 2, by way
of example, however the region on the left hand side 1s a
region that 1s of similar configuration, left-right symmetrical
to the right hand side region.

In the semiconductor device 12 of the present exemplary
embodiment, a bitcell 24, aladder circuit 26, a bit cell 28, and
a bit cell 30 are formed on a semiconductor device substrate
23. Note that the bit cell 24, the bit cell 28 and the bit cell 30
are multi-channel bit cells (described in detail below).

The semiconductor device 12 1n the present exemplary
embodiment 1s also externally supplied (from the external
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input terminals 16) with various types of power of differing
clectrical potential from the outside. As a specific example
thereol, a case 1s shown 1n which four types of power, a VDM
1 (first power supply), a VDM 2 (second power supply), a
VDD (third power supply), and a VSS (fourth power supply),
are supplied. Note that there 1s no limitation to these four
types of power, and there may be other types of power.

In the semiconductor device 12 of the present exemplary
embodiment, there are a first external power 1input electrode
32, a second external power input electrode 34, a third exter-
nal power mput electrode 36, and a fourth external power
input electrode 38, for supplying these four types of power
from outside, provided on the semiconductor device substrate
23 at an outer edge portion on the side thereof facing the
external input terminals 16. Note that, 1n order to make power
supply robust and the like, there are preferably plural elec-
trodes provided supplied with the same type of power. In the
present exemplary embodiment, at each of the locations of the
four types of external power input electrodes shown in FI1G. 2,
there are, by way of example, three electrodes each mounted
of the first external power imnput electrode 32 for supplying the
first power supply, the second external power input electrode
34 for supplying the second power supply, the third external
power mput electrode 36 for supplying the third power sup-
ply, and the fourth external power mput electrode 38 for
supplying the fourth power supply.

Note that 1n the present exemplary embodiment, all of the
external power input electrodes and the internal power elec-
trodes are formed from the same material and are of the same
s1ze. As a specific example, these can be formed, for example,
from Au bumps on metal pads, however there 1s not limitation
thereto, and bumps of other types of metallic material may be
employed. In addition, the external power input electrodes
and the internal power electrodes need not all be the same
material or the same size.

In addition, a first internal power electrode 40A, a second
internal power electrode 42 A, a third internal power electrode
44 A, and a fourth internal power electrode 46 A are provided
in the vicinity of the center of the semiconductor device 12
(region A). A specific example of a layout of each of the types
ol internal power electrode 1n region A 1s shown 1n FIG. 3.
There are also, 1n the same manner as the external power input
clectrodes, preferably plural electrodes supplied with the
same type of power provided for the internal power elec-
trodes.

As shown 1n FI1G. 3, 1n the present exemplary embodiment,
there are two electrodes each mounted on the semiconductor
device substrate 23 for the first internal power electrode 40 A,
the second internal power electrode 42A, the third internal
power electrode 44 A, and the fourth internal power electrode
46 A (first internal power electrodes 40A1, 40A2, second
internal power electrodes 42A1, 42A2, third internal power
clectrodes 44A1, 44A2, fourth internal power electrodes
46A1, 46 A2). When explanation 1s given without discrimi-
nation therebetween these will be referred to as the first inter-
nal power electrode 40 A, the second internal power electrode
42 A, the third internal power electrode 44 A, and the fourth
internal power electrode 46A, respectively, and when dis-
crimination 1s made then reference will be made with the
suifixes 1 and 2 appended thereto.

The first external power mput electrode 32 and the first
internal power electrode 40A are connected by a first power
supply line 33 formed on the msulating film 14. The second
external power mput electrode 34 and the second internal
power electrode 42 A are connected by a second power supply
line 35. The third external power mput electrode 36 and the
third internal power electrode 44A are connected by a third
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power supply line 37. The fourth external power input elec-
trode 38 and the fourth internal power electrode 46A are
connected by a fourth power supply line 39.

In addition, at an outer edge portion of the semiconductor
device 12 (region C) there are a first internal power electrode
40C, a second imternal power electrode 42C, a third internal
power clectrode 44C, and a fourth internal power electrode
46C provided. FIG. 4 shows a specific example of a layout of
cach type of internal power electrode in the region C.

As shown in FI1G. 4, 1in the present exemplary embodiment,
there are three electrodes each mounted on the semiconductor
device substrate 23 for the first internal power electrode 40C,
the second internal power electrode 42C, the third internal
power electrode 44C, and the fourth internal power electrode
46C (first internal power electrodes 40C1, 40C2, 40C3, sec-
ond internal power electrodes 42C1, 42C2, 42C3, third inter-
nal power electrodes 44C1, 44C2, 44C3, and fourth internal
power clectrodes 46C1, 46C2, 46(C3). When explanation 1s
grven without discrimination therebetween these will be
referred to as the first internal power electrode 40C, the sec-
ond internal power electrode 42C, the third internal power
clectrode 44C, and the fourth internal power electrode 46C,
respectively, and when discrimination 1s made then reference
will be made with the suifixes 1, 2 and 3 appended thereto.

In addition, there are a first internal power electrode 408, a
second 1nternal power electrode 42B, a third internal power
clectrode 44B, and a fourth internal power electrode 46B
provided at a region of the semiconductor device 12 mounted
with the bit cells (region B). FIG. 5 shows a specific example
of a layout of each type of internal power electrode in the
region B.

As shown in FIG. §, in the present exemplary embodiment,
there are four electrodes each mounted on the semiconductor
device substrate 23 for the first internal power electrode 40B,
the second mternal power electrode 42B, and the third inter-
nal power electrode 44B, and two electrodes each for the

fourth internal power electrode 46B (first internal power elec-
trodes 40B1, 40B2, 4083, 40B4, second internal power elec-

trodes 42B1, 42B2, 42B3, 42B4, third internal power elec-
trodes 44B1, 44B2, 44B3, 44B4, fourth internal power
clectrodes 46B1, 46B2). When explanation 1s given without
discrimination therebetween these will be referred to as the
first internal power electrode 40B, the second internal power
clectrode 42B, the third internal power electrode 44B, and the
fourth 1nternal power electrode 46B, respectively, and when
discrimination 1s made then reference will be made with the
suifixes 1, 2, 3 and 4 appended thereto.

In the present exemplary embodiment, the first internal
power clectrode 40B, the second internal power electrode
428, and the third internal power electrode 44B are mounted
above the bit cell 30, and the fourth internal power electrode
468 1s mounted on the semiconductor device substrate 23.

Detailed explanation will now be given of mounting of the
first internal power electrode 40B, the second internal power
clectrode 42B, and the third internal power electrode 44B
above the bit cell 30.

The bit cell 30 1n the present exemplary embodiment 1s a
multi-channel bit cell, and 1s configured from the same num-
ber of the bit cells 31 having the same pattern as the number
of channels. In the present exemplary embodiment, as a spe-
cific example, the bit cell 30 has bit cells for 300 channels.
Namely, the bit cell 30 1s configured from 300 individual bit
cells 31 (1 channel of output for 1 bit cell).

In the present exemplary embodiment, as shown 1n FIG. 5,
a single internal power electrode 1s mounted to a single bit cell
31, and internal power electrodes that supply the same type of
power are mounted to adjacent bit cells 31 to each other.




US 8,800,204 B2

7

The bit cells 31 1n the present exemplary embodiment are
configured to include plural functions and circuits. FIG. 6
shows a functional block diagram showing an example of a
schematic configuration of the bit cell 31 of the present exem-
plary embodiment. The bit cell 31 of the present exemplary
embodiment, as a specific example as shown in FIG. 6,
includes a latch circuit 50, a decoder 52, and an output ampli-
fier 54. An mput signal that has been mput 1s latched by the
latch circuit 50, decoded by the decoder 52, amplified by the
output amplifier 54, and output as an output signal. Power for
driving the latch circuit 50, the decoder 52, and the output
amplifier 54 1s supplied from the first internal power electrode
40 (40B), the second internal power electrode 42 (42B), the
third internal power electrode 44 (44B), and the fourth inter-
nal power electrode 46 (46B).

FIG. 7 shows a specific example of mounting each of the
internal power electrodes above the bit cell 31. Note that FIG.
7 shows the representative third internal power electrode
44B1.

In the specific example shown 1n FIG. 7, the third internal
power electrode 44B1 1s mounted above the decoder 52.
Namely, the decoder 52 of the bit cell 31 1s below the third
internal power electrode 44B1. The third internal power elec-
trodes 44B2, 44B3, 44B4 are each mounted above a different
bit cell 31, 1n a stmilar manner to FIG. 7. Namely, there are
decoders 52 below all of the third mnternal power electrodes
4481, 44B2. 44B3, 44B4, of a similar construction.

The third internal power electrode 44B1 1s not limited to
being mounted above the decoder 52 1n the state shown in
FIG. 7, and, for example, may be mounted above the latch
circuit 50 and the decoder 52. In such cases, the circuit (ele-
ment) of the latch circuit 50 and the circuit (element) of the
decoder 52 below the third internal power electrode 44B1
may not be the same circuits (elements) as each other, as long,
as the same circuit (element) of the latch circuit 50 and the

u -

same circuit (element) of the decoder 52 are below all of the
third internal power electrodes 44B1, 44B2, 4483, 44B4.

The third internal power electrode 44B as shown in FI1G. 8,
may be mounted so as to straddle plural bit cells 31. In such
cases the circuit (element) of the decoder 352 of one of the bit
cells 31 below the third internal power electrode 44B1 and
circuit (element) of the decoder 52 of the other of the bit cells
31 below the third internal power electrode 44B1 may not be
the same circuit (element) as each other, as long as the same
circuits (elements) are below all of the third internal power
electrodes 4481, 4482, 4483, 44B4.

In the present exemplary embodiment as above, the third
internal power electrodes 44B1, 4482, 4483, 44B4 are above
the same circuit, are preferably above a circuit of the same
state and the same structure, and even more preferably
mounted above the same element.

In this manner, since the same circuit (element) 1s below
cach of the same third internal power electrodes 44B, when
considering the effect on this circuit then a single rehiability
test, such as checking design rules and the like, can suftfice.
Also, even if the result of the reliability test 1s that a problem
does occur with the design rules or the like, a single type of
remedial action investigation can suflice. Consequently, the
reliability tests and remediation or the like can be performed
in a shorter period of time.

Note that details have been explained with respect to the
third internal power electrodes 44B, however, 1n a similar
manner, the same circuits are below all of the first internal
power electrodes 40B, and the same circuits are below all of
the second internal power electrodes 42B.

In addition, preferably all the internal power electrodes are
mounted above the bit cell 31, namely, preferably the same
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8

circuit 1s below the first internal power electrode 40B, the
second internal power electrode 42B and the third internal
power electrode 44B.

By so doing, since reliability tests can be performed inde-
pendently of the type of power, the time period for performing
reliability tests and remediation can be shortened.

In the present exemplary embodiment, the first internal
power electrode 40A, the first internal power electrode 408
and the first internal power electrode 40C are connected by
the first power supply line 33 formed on the insulating film 14.
The second internal power electrode 42 A, the second internal
power electrode 42B, and the second internal power electrode
42C are connected by the second power supply line 35. The
third internal power electrode 44 A, the third internal power
clectrode 44B and the third internal power electrode 44C are
connected by the third power supply line 37. The fourth
internal power electrode 46 A, the fourth internal power elec-
trode 46B and the fourth internal power electrode 46C are
connected by the fourth power supply line 39.

Pretferably power supply lines are formed such that power
supply lines supplying different power do not make contact
(1ntersect) with each other. In the present exemplary embodi-
ment, the first power supply line 33, the second power supply
line 335, the third power supply line 37 and the fourth power
supply line 39 are formed on the face of the insulating film 14
at the mounting region for the semiconductor device 12.
Therefore, 1n the present exemplary embodiment, the
placement sequence of the first external power input electrode
32, the second external power input electrode 34, the third
external power mput electrode 36, and the fourth external
power 1nput electrode 38 along the outer edge of the semi-
conductor device substrate 23 (the sequence 1n the length
direction of the semiconductor device substrate 23) is the
opposite sequence to the placement sequence in the outer
edge direction of the first internal power electrode 40B, the
second internal power electrode 42B, the third internal power
clectrode 44B and the fourth internal power electrode 46B on
the semiconductor device substrate 23.

In the present exemplary embodiment such as this, power
supply lines supplying different power can be prevented from
making contact with (1ntersecting) each other by reversing the
placement sequence of the four types of external power input
clectrodes from that of the internal power electrodes.

Note that 1n the present exemplary embodiment, the inter-
nal power electrodes supplying the same type of power are
mounted above bit cells 31 that are adjacent to each other,
however the there 1s no limitation thereto, and they may be
mounted a specific number of bit cells 31 apart from each
other.

The numbers and types of element of bit cells etc. mounted
on the semiconductor device substrate 23 shown in the
present exemplary embodiment, the numbers of channels of
the bit cell 30, the configuration of the bit cells 31, the number
of external power input electrodes, and the number of internal
power electrodes are also only specific examples thereot, and
other embodiments may be made.

There are also no particular limitations to the type of dis-
play device to which the semiconductor package 10 1s
applied, and the semiconductor package 10 can be employed
with various types of display device as the display device,
such as a liquid crystal display device, a plasma display
device, an organic EL display device or the like. There 1s also
no limitation to a semiconductor package provided with a
driving circuit for driving a display device, and semiconduc-
tor devices and semiconductor packages provided with bit
cells equipped with other functionality may be used.
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The semiconductor package 10 of the present exemplary
embodiment 1s also not limited to one manufactured by a COF

method, and the semiconductor package 10 may be manufac-
tured by another manufacturing method. Furthermore, the
semiconductor package 10 of the present exemplary embodi-
ment 1s not limited to employing the msulating film 14 as a
substrate, and another substrate may be used. Note that eili-
cient setting can be performed by employing the insulating
film 14 as a substrate.

In the present exemplary embodiment, as explained above,
the respective first internal power electrodes 40B1, 4082,
40B3, 40B4, the respective second mternal power electrodes
42131, 42B2, 42B3, 42B4, and the respective third internal
power electrodes 44B1, 4482, 44B3, 44B4 are mounted
above circuits (elements) of the bit cells 31 having the same
function and same structure. In addition, all of the internal
power electrodes mounted above these bit cells 31 are
mounted above circuits (elements) having the same function
and same structure.

Thereby, since there 1s the same circuit (element) below
cach of the internal power electrodes, a single reliability test
can suifice. Also, even 11 the result of the reliability test 1s that
a problem or the like does occur, a single type of remedial
action 1nvestigation can suilice. Consequently, the reliability
tests and remediation or the like can be performed in a shorter
period of time.

Second Exemplary Embodiment

In the present exemplary embodiment, detailed explana-
tion will now be given regarding a semiconductor device in
which internal power electrodes are mounted above bit cells
of the same type, from bit cells having different polarities
(positive, negative). Note that those parts of the present exem-
plary embodiment configuration substantially the same as
those of the first exemplary embodiment are allocated the
same reference numerals thereto, and detailed explanation
thereol will be omitted.

A semiconductor device (IC) generally handles voltages of
a positive (H level) and a negative (L level) with respect to a
reference voltage. Therelfore, elements (bit cells) configuring,
decoders, output amplifiers, and the like, are designed for
positive-use or negative-use. However, when both positive-
use and negative-use elements are provided for each output,
in the state 1n which one side 1s not being used there 1s waste
in the side that 1s not 1n use. Consequently, there are semi-
conductor devices that switch alternately between a positive-
use and a negative-use decoder and output amplifier with two
outputs.

FIG. 9 shows a specific example of a portion relating to
power supply of a configuration of a semiconductor device
tormed with positive-use (H-use) and negative-use (L-use) bit
cells.

As shown 1n FIG. 9, a semiconductor device 70 of the
present exemplary embodiment has four positive-use bit cells
72H (72H1, 72H2, 72H3, 72H4) formed on a semiconductor
device substrate 23. There are also four negative-use bit cells
721 (721.1,721L.2,721L3, 721.4) formed thereon. The positive-
use bit cells 72H and the negative-use bit cells 72L are placed
alternately to each other. Note that the positive-use bit cells
72H and the negative-use bit cells 721 differ only in the
voltage handled, and they are of the same function and circuit
structure (element).

In the present exemplary embodiment, 1n the same manner
as 1n the first exemplary embodiment, as an example, there 1s
a first external power input electrode 32, a second external
power 1mput electrode 34, a third external power mput elec-
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trode 36, and a fourth external power mput electrode 38, each
supplied with power of a different voltage value and provided
on the semiconductor device substrate 23 along an outer edge
portion on the side thereot facing the external input terminals
16.

In addition, mn a similar manner to the first exemplary
embodiment, a first internal power electrode 40A, a second
internal power electrode 42 A, a third internal power electrode
44 A, and a fourth internal power electrode 46 A are provided
in the vicinity of the center of the semiconductor device 70.
The first external power imnput electrode 32 and the first inter-
nal power electrode 40 A are connected by a first power supply
line 33. The second external power mnput electrode 34 and the
second internal power electrode 42A are connected by a
second power supply line 35. The third external power input
clectrode 36 and the third internal power electrode 44A are
connected by a third power supply line 37. The fourth external
power mput electrode 38 and the fourth internal power elec-
trode 46 A are connected by a fourth power supply line 39.

Furthermore, a first internal power electrode 40B, a second
internal power electrode 42B, a third internal power electrode
448, and a fourth internal power electrode 46B are provided
in the region of the semiconductor device 70 to which bit cells
are mounted.

In the present exemplary embodiment, the first internal
power electrode 40B 1s mounted above the bit cell 72H4, the
second 1nternal power electrode 42B 1s mounted above the bit
cell 72H3, the third internal power electrode 44B 1s mounted
above the bit cell 72H2, and the fourth internal power elec-
trode 468 1s mounted above the bit cell 72H1.

In the present exemplary embodiment, 1n a stmilar manner
to the first exemplary embodiment, the first internal power
clectrode 40B, the second internal power electrode 42B, the
third internal power electrode 44B and the fourth internal
power electrode 46B are mounted above the same circuit
(element). Furthermore, 1n the present exemplary embodi-
ment, as shown 1n FI1G. 9, these are mounted above bit cells of
the same polarity.

In this manner, since the first internal power electrode
4013, the second internal power electrode 42B, the third
internal power electrode 44B and the fourth mternal power
clectrode 4613 are mounted above bit cells of the same polar-
ity, and since the same circuit (element) 1s below each, when
considering the effect on this circuit then a single reliability
test, such as checking design rules and the like, can sufifice.
Also, even 1f the result of the reliability test 1s that a problem
does occur with the design rules or the like, a single type of
remedial action 1vestigation can suilice. Consequently, the
reliability tests and remediation or the like can be performed
in a shorter period of time.

Note that while 1n the present exemplary embodiment the
positive-use bit cells 72H and the negative-use bit cells 72L
are placed alternately to each other, there 1s no restriction to
this placement of the positive-use bit cells 72H and the nega-
tive-use bit cells 721 and another layout (alignment
sequence) may be used. A plan view of specific example of
another such layout 1s shown 1n FIG. 10. In this other example
shown 1n FIG. 10, the positive-use bit cells 72H and the
negative-use bit cells 721 are arranged 1n a repeated sequence
of positive-use, negative-use, negative-use, positive-use.
Namely, in this other example, the internal power source 1s
mounted above every fourth bit cell. Note that only two types
of power supply, the third and the fourth, are shown in FIG.
10, and 1indications of the first and the second type of power
supply have been omitted, however, the first and the second
types are disposed 1n a similar repeated pattern to that of the
third and fourth.
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Note that, while 1n the present exemplary embodiment
explanation has been given of details of a case 1n which
internal power electrodes are mounted above the positive-use
bit cells 72H, a case in which internal power electrodes are
mounted above the negative-use bit cells 721 1s similar, and a
similar effect 1s obtained by mounting the internal power
clectrodes only above the bit cells 72L for negative-use.

In the present exemplary embodiment, as explained above,
when mounting imternal power electrodes above the different
polarity positive-use bit cells 7214 and negative-use bit cells
721 of the semiconductor device 70, 1n addition to the first
exemplary embodiment, the internal power electrodes are
also only mounted to the same polarity bit cells 72 (only one
or other of the bit cells 72H or the bat cells 72L).

By so doing, since the same circuit (element) 1s below each
ol the internal power electrodes, a single reliability test can
suifice. Also, even 11 the result of the reliability test 1s that a
problem does occur, a single type of remedial action investi-
gation can suifice. Consequently, the reliability tests and
remediation or the like can be performed 1n a shorter period of
time.

Following from the above description and embodiments, it
should be apparent to those of ordinary skill in the art that,
while the methods and apparatuses herein described consti-
tute exemplary embodiments of the present disclosure, the
disclosure 1s not necessarily limited to the precise embodi-
ments and that changes may be made to such embodiments
without departing from the scope of the invention as defined
by the claims. Additionally, 1t 1s to be understood that the
invention 1s defined by the claims and 1t 1s not intended that
any limitations or elements describing the exemplary
embodiments set forth herein are to be incorporated nto the
interpretation of any claim element unless such limitation or
clement 1s explicitly stated. Likewise, it 1s to be understood
that 1t 1s not necessary to meet any or all of the identified
advantages or objects of the disclosure discussed herein 1n
order to fall within the scope of any claims, since the mven-
tion 1s defined by the claims and since inherent and/or unfore-
seen advantages of the present disclosure may exist even
though they may not have been explicitly discussed herein.

What 1s claimed 1s:

1. A semiconductor device comprising:

a plurality of bit cells each including a same circuit that 1s
duplicated across the plurality of bit cells;

a plurality of electrodes configured to be supplied with
power, wherein each of the respective plurality of elec-
trodes 1s mounted to overlap the same circuit within a
different one of the plurality of bit cells 1n a top view.

2. A semiconductor device comprising;

a plurality of bit cells each including a same circuit that 1s
duplicated across the plurality of bit cells;

a plurality of electrodes configured to be supplied with
power, wherein each of the respective plurality of elec-
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trodes 1s mounted to overlap a diflerent set of at least two
of the plurality of bit cells and to overlap the same circuit
within the set of at least two of the plurality of bit cells in
a top view.

3. The semiconductor device of claim 1, wherein a polarity
of the bit cells mounted with the plurality of electrodes 1s the
same polarity.

4. The semiconductor device of claim 3, wherein the plu-
rality of bit cells are arranged such that bit cells of positive
polarity and bit cells of negative polarity alternate with each
other.

5. The semiconductor device of claim 3, wherein the plu-
rality of bit cells arc formed 1n a repeated unit pattern, the unit
pattern including bit cells of positive polarity and bit cells of
negative polarity, and each of the respective plurality of elec-
trodes 1s mounted to each of the plurality of bit cells compris-
ing the same repeated unit pattern.

6. The semiconductor device of claim 1, wherein the plu-
rality of electrodes include electrodes configured to supply
different types of power.

7. The semiconductor device of claim 1, further comprising,
a plurality of external power mput electrodes provided at an
outer edge portion, wherein the plurality of electrodes are
provided 1n a first arrangement configured to supply different
types ol power originating from outside and a second arrange-
ment configured to supply different types of power originat-
ing from outside, wherein the first arrangement 1s opposite to
the second arrangement.

8. The semiconductor device of claim 2, wherein a polarity
of the bit cells mounted with the plurality of electrodes 1s the
same polarity.

9. The semiconductor device of claim 8, wherein the plu-
rality of bit cells are arranged such that bit cells of positive
polarity and bit cells of negative polarity alternate with each
other.

10. The semiconductor device of claam 8, wherein the
plurality of bit cells arc formed 1n a repeated unit pattern, the
unmt pattern including bit cells of positive polarity and bit cells
ol negative polarity, and each of the respective plurality of
clectrodes 1s mounted to each of the plurality of bit cells
comprising the same repeated unit pattern.

11. The semiconductor device of claim 2, wherein the
plurality of electrodes include electrodes configured to sup-
ply different types of power.

12. The semiconductor device of claim 2, further compris-
ing a plurality of external power input electrodes provided at
an outer edge portion, wherein the plurality of electrodes are
provided in a first arrangement configured to supply different
types of power originating from outside and a second arrange-
ment configured to supply different types of power originat-
ing from outside, wherein the first arrangement 1s opposite to
the second arrangement.
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